Flows past four cylinders which are arranged in a diamond and square shape are simulated using ANSYS WORKBENCH. Flow is considered to be unsteady, incompressible and two dimensional and the examined Reynolds number is 5000. Simulations are performed for different gap to diameter ratio (L/D), ranging from 1.5 to 4, and for two incidence angles, α = and . The flow characteristics, including the flow patterns, force parameters such as the drag and lift coefficients as well as wake oscillation frequencies (Strouhal numbers) were investigated. The force parameters are highly affected by the spacing ratio, three types of flow patterns were observed depending on the spacing ratio at two different angles of incidence. As the gap to diameter ratio varies from 1.5 to 3, more interference effects have been observed and further increasing the gap to diameter ratio, the flow pattern is similar to the flow past a single cylinder, by comparing both the arrangements square arrangement has been less interference effects.
INTRODUCTION
Circular cylinder has an important role in industry because it is a common structure in many industries, it also has various engineering applications. Its practical applications in various engineering areas include heat exchanger tubes, suspension bridges, offshore platforms, boilers, cooling towers and automobile components.
These structures are exposed to either water or air flow, so force induced forces are experienced by these structures, which could lead to failure of the structure. It is better to predict the flow behaviour to avoid the damage of these structures. The study of flow past a single cylinder has been simulated by various researchers. Very less work was done in case of flow past an array of cylinders. It is very difficult to find the flow behaviour in case of flow past an array of cylinders because of interference of vortices and wakes.
Impact Factor (JCC): 6.8765 NAAS Rating: 3.11 availability of high performance computers and graphical user friendly interface it gained the interest among the engineers and researchers. CFD finds applications in hydrodynamics of submarine, ships, flow in rivers, channel, oceans and wind load over the buildings etc. CFD uses certain code and numerical algorithm to solve the problems which involves fluid flow. It is necessary to use the following three codes to get the desired solution. Those are
• Pre-processing
• Solver
• Post-processing
Pre-processing
In CFD it represents the input part for the flow problem. These are the few steps that the user must follow:
• Formation of geometry, representing the computational domain
• Meshing i.e. Splitting the domain in to small noof cells
• Applying suitable model required based on the physical phenomenon
• Giving the fluid properties
• Imposing boundary conditions
Solver
Fluent uses finite difference formulation technique which is one of the three numerical methods in the CFD solver. The numerical methods are finite element method, finite difference method and finite volume method. Solver contains the following steps:
• Integration of fluid flow governing equations over the cells of the domain
• Discretization: conversion of integral equations into algebraic equations
• Interpolation of algebraic equations for getting the solution.
Post-processing
It represents the last part of the CFD programming tool. It contains recording of the results with versatile visualization technique, operator friendly interface and high graphics This tool includes:
• Display of mesh and domain
• Visualization of contours
• Plotting vectors
• Streamline plotting
• Surface plots 
PROBLEM DESCRIPTION AND PROCEDURE Computational Modelling
Computational fluid dynamics is a computer aided engineering tool.it can be designed for analysing the problem involved in heat transfer, fluid motion etc. it gives good result and it has more advantages over experimental approach in terms of reduction of computational time and cost. The computer based soft wares like Auto-Cad, Ansys and Solid works are used for optimisation of numerical models. The differential equations governing the flow are converted to transport equation for the numerical algorithm which is later followed by the software for simulation purpose.
Numerical Analysis
Methodology • The spacing ratio L varies from 1.5D to 4D in the present simulation.
• The inlet boundary is at a distance of 8D from the centre point of the cylinder 1, while the outlet boundary is 24D
away from the centre point of the cylinder 3,Each lateral surface is 10D away from the centre point of the cylinders 2 and 4.
• Here the spacing ratio L/D varies from 1.5 to 4. 
Governing Equations
The differential equation governing incompressible, viscous, unsteady and 2D-flow are the continuity and momentum equations. Continuity equation is the law of conservation of mass. It is expressed in Cartesian co-ordinates as: 
SIMULATION OF PRESENT WORK
For simulating my present work the following procedure has been followed: Click on the Ansys workbench icon.
The workbench contains Toolbox. By double clicking on fluent option in toolbox the fluent window is opened in workbench as shown below.
Geometry Creation
Geometry creation is started by doubling clicking on the geometry which is said to be design modeller and select 2D in properties checkbox. After that by using sketching and modelling options geometry is drawn in design modeler on XY plane. Here geometry is flow domain of rectangular shape in which four cylinders are arranged at 0 0 angle and 45 0 angle. Dimension option in the design modeller is used to give required dimensions to the geometry. We can also import geometry from other soft wares like CATIA, CAD, solid works etc. In design modeller we can do both 2D sketching and 3D modelling. In the present work 2D flow past a cylinders has been simulated. 
Mesh Generation
Mesh generation place an important role in getting good results and good covergence. In this mesh generation process the computational domain is divided in to number of cells or small elements called grids. Generally we have two types of mesh generation one is structured mesh and another one is unstructured mesh. With the structured grids regular connectivity between the cells takes place and quadrilateral cell shape is most common structure in the structured mesh.
There is an irregular connectivity between the cells with the unstructured mesh and triangular elements are most commonly used elements in this unstructured mesh and it is one of the simplest type of mesh it is always quick and easy to create.
In 
Grid Independence Test
Grid independence test is done to ensure that our solution doesn't depend on the grid size. The results of the problem can't change with the further increasing the grid size then the solution is said to be grid independent solution.
Grid independence test is done for my problem as shown below: the orthogonal quality is shown below:
Once a good quality mesh is achieved we will go for solver for further analysis. If good quality mesh is not achieved again we need to refine,re-size or change the type of mesh for e.g.Triangular, quadrilateral or mixing of both elements to achieve good quality. Finite volume method, Finite difference method and Finite element methods are used for discretising the domain in to mesh. In the present work Finite volume method is employed to generate unstructured mesh for the computational domain.
Named Selections
We should give names to our flow domain by using create named selection option in this mesh window. Names are given to my flow domain as shown below these named selection are used in setup to give boundary conditions. Once a good quality mesh is achieved we will go for solver for further analysis. If good quality mesh is not size or change the type of mesh for e.g.Triangular, quadrilateral or mixing of both Finite volume method, Finite difference method and Finite element methods are used for e domain in to mesh. In the present work Finite volume method is employed to generate unstructured mesh our flow domain by using create named selection option in this mesh window. Names are given to my flow domain as shown below these named selection are used in setup to give boundary conditions. very important to give named selections to our flow domain.
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f Elements
After 42,266 elements my solution didn't change even by increasing the number of elements. So, I have taken
The mesh quality is checked by using orthogonal quality of mesh. The range for
Once a good quality mesh is achieved we will go for solver for further analysis. If good quality mesh is not size or change the type of mesh for e.g.Triangular, quadrilateral or mixing of both Finite volume method, Finite difference method and Finite element methods are used for e domain in to mesh. In the present work Finite volume method is employed to generate unstructured mesh our flow domain by using create named selection option in this mesh window. Names are given to my flow domain as shown below these named selection are used in setup to give boundary conditions. So, it is Impact Factor (JCC): 6.8765 Better visualization of flow field is possible with these contours. Animation of contours and streamlines are also generated from this option.
For diamond arrangement (0 0 angle) solution is converged as shown below: 
CONCLUSIONS
• Three types of flow patterns were observed depending up on the spacing ratio.
• At small spacing ratio(L/D=1.5) the overall flow past a four circular cylinders is similar to the flow past a single cylinder because gap flow is completely supressed at small spacing ratio and downstream cylinders are completely submerged in the wakes which were formed behind the upstream cylinders
• At the spacing ratioof 2.5 to 3.5transition of flow pattern takes place from narrow gap flow to vortex impingement flow, high interactions and very complicated flow was developed.
• With the spacing ratio from 3.5 to 4 vortex impingement flow was developed means vortices were fully developed and shed down from the cylinders
• The drag coefficient and Strouhal number are high in diamond arrangement as compared to square arrangement because of less interference effects in square arrangement
Scope for Future Work
• Work can also be done for flow past four circular cylinders arranged at an incidence angles of 30 0 and 60 0
• Simulations are also carried out by varying cross sections (square, triangle and polygons)
